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CATALYST SYSTEMS

The present invention relates to a process for producing a catalyst support
comprising a layered double hydroxide, and to polymerisation, preferably olefin
polymerisation, catalysts incorporating such layered double hydroxides. The invention
also relates to polymerisation processes, preferably olefin polymerisation, using such
catalysts.

Layered double hydroxuies (LDHS) are a class of compounds which comprise
two metal cations and have a 1ayered structure. A review of LDHs is provided in
Structure and Bonding; Vol 119, 2005 Layered Double Hydroxides ed. X Duan and
D.G. Evaiis."* The hydrotaléites, perhaps the iodt well'khiowd! ‘examples ‘of LDHS,
have been'stidied: for many years. LDH’s can'intercalaté anions betwéeit the layers of
the " strucfure. " WO 99/24139 discloses use of LDHS to separate anions mcludmg
aromatic and aliphatic ahiofis. T

“*'‘LDHs have uses in a range of applications such as catalysis, separation
technology; optics; medical science, and nano‘composite matéfial engineéring: "
"7 USB7,094,724 discloses a’ catalyst solid 'compﬁs*ing at Teast ‘one calcined
hydrotalcxte Surface ‘area and pore volume Wthh may ‘at’ least: partly ‘owe" to
aggregatlon of “the particles, “can - Sl be 1mproved Furlher ‘thermal treatmerit
temperatures Stich ‘as for calcmatxon are somewhat’ hlgh, for- example for the use of
s1hca which is typlcally calcined at a temperature of 400- 800°C.

It is an object of the’ present invention to prov1de a supported polymerization
catalyst havmg a support which overcomes the drawbacks of the prior art especially
havmg‘ higher urface area anid hlgher pore Volume and/or low partlcle densuy, as well
as to pr0v1de a process fOr 1ts preparation,’ its t1se: m a polymenzation process as well
as ‘a process for preparing such 4 catalyst support. | o

' Thé present invention acoordihgly"providés' in a first asp’éo’é ‘& Process foi'
preparing’ a catalyst support comprlsmg a Iayered double hydromde (LDH) “the
process compnsmg,

a. " - providing a water-wet layered dovble hydroxide of formiila’
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[M¥* LM (OH)]™ (X" )asbH20 (1)

wherein M and M’ are metal cations,z=1o0r2;y =3 or4,xis

0.1 to 1, preferably x<1, more preferably x = 0.1 - 0.9, bis 0 to 10, X is
an anion, ris 1 to 3, n is the charge on the anion and a is determined by
x, y and z, preferably a = z(1-x)+xy-2; ,

b. maintaining the layered double hydroxide water-wet,

c. contacting the water-wet layered double hydroxide with at least one
solvent, the sol\;ent'beirrg mhiscible with watet arid preferably"-ltaving a
solvent polarity (P’) in the range 3.8 to 9, thereby producing a material
dothprising & tayered double hydfoxide, and”

d.  ‘thermally treating the material Obtained in stép c) to produde 4 catalyst

support:

This protéss’is greatly ‘advantageous bedaiise.: despite being such a simple
process; it, surprisingly,- fesults i m highly porous ‘arid hlghly dlspersed catalet support
preferably havmg alow partlcle density, which funicticn’ 4 hrghly effective catalyst
supports. For mstance for the conventlonally synthe31zed T3 AL borate “LDH; its
specific surface ‘hrea (Nz) and ‘total pore volume are only l3 m /g and 0 08 cc/g,
respectwely

However the’ mventors have discovered that LDH modlﬁed accordmg to the
invention (even before thermal treatment} has a specrﬁc surface area and total pore
volume* mcreased t0 30k mz/g and 2.15: cc/g, respectlvely Tn addltron the modified
LDHHasa very umform parttcle size of aboit 5 ttm ThlS method of“‘the mventloﬁ can
be“applied to all LDHs. In addrtlon thrs method is smlple and cart be easrly scaled up
for ¢ommercial produotron

Further i'a preferred embodrment ut1l1zmg thermal treatment temperatures
oFabout lSOOC this results in catalyst supports to be prepared usmg an easy, energy
savmg and cost effectrve process
150°C) and thien chemtcally ‘nodified with'e: g alkyl alumlmum reagents they are

excellent supports for metal orgamc catalyst precursors “In? partrcular ’they can' be
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used to immobilize (or support) metallocenes and other catalyst precursors for olefin
polymerization. "
" In order to obtain a polymerization catalyst, it is essential to
a) synthesize a modified layered double hydroxide as described above,
b) thermally treat, preferably at 100 - 200°C, the thus- prepared modified
LDH, so as to retain a crystalline LDH structure,
c) modify the thermally treated LDH with an activator, preferably an alkyl
aluminium activator, most preferably methyl-aluminoxane (MAOQ), and
e d)Stpport- ' Gommiplex’ ot exdmple miktillocdene” or ‘other Complex, thit can
reriss polymenze or co-polymerize an olefin.

The‘catalyst stipport’ préparéd’ Has* unigué featifés “tegarding the powder
dispersion (10W' particlé”dénsity)! §hiface" arew/pore Voltme, thérmal” charabteristics
and the'ability o' maké-effective’dispersions: of the'support in & hydrocarbon Solveit
in order to ﬁr*e"ﬁére‘fmhiaanizeﬂa 'eatatysf pféchfs‘o*rs“ |

e ,« i

solvent thu makmg fhe® partlcles"of the * ‘suppdrt hydrophoblc ow temperature
thermal‘ treatrnenf then"activates the surfate by Solvénf: desorp’uon (W WhieH! dan'l Bé' sekri
in therrnograwmetnc analysm) ‘and leaves & ‘Very unique and reactive surface for
Nisp ’The %olvent” washmg process and the thidimal actwauon of the LDH' also
modifies the surface chemlstry to’ give beneﬁmal ¢ffects on the catalysm ‘Suehas the
ablhty to 1mm0blhze ‘a 51gn1ﬁcant1y 1arger amolint of metal catalyst.

For'} prepanng ‘the m\}entwe catalyst support the thermal treatment 1s of maJ or
1m’p6ft‘an‘ce‘“ Thétmal actlvatlon is preferably carried out"above 100°C“ ‘and* st
preferably betw‘%%n 125-300°C; After thermal act;vauon “the’ support s‘ul} feniains- a
crystalhne LDH thch’can be shown by XRD '

Ve 5“Surph51ngly, the 1nventors have discovered that supports produced accordmg
to the ‘Iivention ican’ be ‘uséd* to’ support catalysts ‘that ' ate very active - for
ponmensatlon mcludmg Slefin polymerrsatlon for example ethylene polymenzatton
ahd ‘also for;éthylehe/heieﬁe“ copolwﬁeriz‘at’idﬁ,"in”the’p're'sehbe"()f alkyl aluminium
activators  41d" preferibly” scavengers and/of ”e'o-c'ataly's"'c’s.‘ “However:  thé %"éa;talig}é’t

sl S TR T i B st B T )it ke o
support” prepared according to 'the present invention can' be™used” for ‘all*types of
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supported catalytic polymerization. Preferably, the catalyst prepared according to the
present invention can be utilized in slurry polymerization, for example using hexane
as solvent. Industrial slurry polYmerizations for olefins are well known in the art.
Even more surprisingly and advantageously, the support appears to act not just
as an inert support but as an active eompc)nent of the catalyst system; both the identity
of the metal cations (i.e., e.g., the M** and M’** ions) and the intercalated anion
affects the overall catalyst performance in olefin polymerisation, enabling properties
to be tuned according to the process required.
“Thé LDH morphdlogy in the support also ‘influetices the polymer morphology,
ificluding e.g. énabling thé production of spherical polyirier particles::
" The inventive catalyst: support can affect polymerization’ dcfivity; polymer
morphoiagjc and polyiner weight distribition for any given metal catalyst. -
' The ‘water-wét- LDH "should not dry before contactmg the “solvent and " is
preferably a water slurry-of LDH’ partlcles
- Solvent polahty (P is defined’ based on’ expenmental solublhty data réported
by ‘Snyder and Kirkland (Snyder L. R ‘Kirkland, J. J. In Introduction to modern
liquid chromatography, 2nd ed.; ; John 'Wiley and Sons: New York, 1979; pp 248-250 )
and as described in the table in the Examples section, below. -
Preferably, in step a., as stated -above, a substarice compnsmg ‘a water—wet
layered double hydromde of formuld (1) may be provxded
Ini a most preferred embodlment the at least oneé solvent is not water.
M may be’ a"smg‘le metal “cation ‘or a mixture of different metal cationé for
éxample Mg, Zi; Fe for a MgFeZn/Al LDH Preferred M aré Mg, Zn, Fé, Ca of a
mixturé of two of mote of these. -

ERYe may be a single metal cation or a mixture of different metal cations, for

~example Al, Ga; Fe. The preferred M” is AL The preferred value of yis 3.

Preferably, z is 2'and M is Ca or Mg or Zn or Fe.
“Préférahry;Mis Zn, Mg or Ca, and M is' AL~
Preferred values of x ‘are 0 2'to 0. 5, preferably 0.22 to 0.4, more preferably
0.23 to 0.35. ‘
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Overall, as is clear for a skilled artisan, the LDH according to formula (1)
must be neutral, so that the value of a is determined by the number of positive charges
and the charge of the anion.

The anion in the LDH may be any appropriate anion, organic or inorganic for
example halide (e.g. chloride), inorganic oxyanions (e.g. XwOn(OH)," s m=1-5;n =
2-10; p = 0-4, g = 1-5; X = B, C, N, S, P: e.g. borate, nitrate, phosphate, sulphate),
and/or anionic surfactants (such as sodium dodecyl sulfate, fatty acid salts or sodium
stearate). ‘

Preferably, the particles of the LDH have a size in the ‘tange 1'nin"to 200
microtis, More preferably 2 nmi to 30 mictons and most preferably 2 fim <20 microns.

Generally, any suitable organic solvent, preferably anhydrous, may be used
but the preferred ‘Solvents are’ selected from' one or more of acetone, aceton&tnle,
dlmethylfonn‘amlde dimethylsulfoxide, ’dxoxane “ethanol, methanol, n-propanol, iso-
propanol, 2-propanol or tetrahydrofuran.” The preferred solvent is-acetone. ' Other
preferred solverts are alkanols ¢. g. “méthanol or etl ' |

“The role of the organic solvent is to strip the surface bound water from the
water wet -DH particlés. The dryer the solvent, the more water can be removed and
thus the LD’H dispersion be‘i'mproved; More preferably, the rganic solvent contains
less than 2 wei ght percent water

Preferably, the layered double hydroxide, modified acoordmg to the inventive
'pr‘ocess and used in the support, has a specific surface area (Nz) m the range 155 m’ /g
to 850 /g, preférably 170 mz/g"t‘o' 700 m?/g, more preferably 250 m%/g to 650 m%/g.
Preferably; the mhodified la'yered‘ double hydroxide has a BET pore volume (Nj3)
greater than'0.1 ém®/g, Prefefably, the modified layered double hydroxidé has 4'BET
pore ‘volumie (Nz) in the range 0.1 cm3/g to 4 cm3/g, preferably 0.5 cm3/g to 3.5 cm3/g,
morepreferablylt03cm/g o o ST e

Preferably, the process results in a material (e.g. before the thermal treatment
step) haVIng a de—aggregatlon fatio’ greater than 2, preferably greater than 2.5, ‘nore
preferably i in the range 2.5 to 200. The de-aggregation fatio is the ratlo of the BET

surface area of the inventive material compared toa comparatwe
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Such a comparison is based on an identical LDH synthesis in which the water
wet LDH is just dried and not been treated with the water miscible solvent. The
deaggregation ratio is closely related to the % decrease in particle densities.

Preferably, the process results in a catalyst support having an apparent density
of less than 0.8g/cm’, preferably less than 0.5g/cm’, ‘more preferably less than
0.4g/cm’. Apparent density may be determined by the following procedure. The LDH
as a free-flowing powder was filled into a 2 ml disposable pipette tip, and the solid
was packed as tight as possible by tapping manually for 2 minutes. The weight of the
pipette tip-was measured before and after the packing to-détermine the mass of the
LDH: 'Thén the: apparént density of 'LDH was calculated tising” the following
equation: - ‘ i

| Apphrent density =LDH weight (g)/LDH volume (2 al) i -

" The ¢atalyst supptt has preferably a’loose bulk density of 0.1-0.25 g/ml. The
loose Bulk derisity was'determined By the following proceduré: the fréely fowiiig |
powder was poured into a graduated cylinder (10 ml) using the solid addition funinél.
The cyhnder contammg the powder was tapped once‘and the Volume meéasured. The
loose bulk density was determined usmg equatlon (1. B

‘Loose bulk density = m/Vy (1)

Wherein m is the mass of the powder in the graduated cylinder, Vy is the
powder volume i in the cylinder after one tap. :

Preferably, the thermal tréatment step comprises d -~héatihg'>pfo'ﬁlet in the
tethperature range 20°C ‘to~ '1‘000'°C,- preferably for a’ prédetenﬁined time at a
prédeterminied  pressure. Preferréd temperature ranges are 20°C to' 250°C, more
préferably20 °C 16 150°C; 150 °C to'400 °C; and 400 °C t61000 °C;“more preferably
500°C to 600 °C. Even miore preferred, the temperature range is from 125-200°C.

A preferred predetermined pressure is in the range 1 x 10" to 1 x 107 mbar,
preferably around 1 x 102 mbar. |

* -~ Preferably, a predetermined tinié is in the range of 1-10 hours, more preferably

6 hours for'therimal treatment.
" The layered double hydroxide (LDH) as tised in the catalyst support could be
calléd aqueous miscible organic-LDHs (AMO-LDHs). The AMO-LDHs used for the

catalyst support of the present inventiofi have characteristics and properties as in more
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this GB application, both incorporated herein by reference, and see also below.

In a second aspect, there is’provicled a process for producing an- activated
catalyst support (solid catalyst), the process comprising providing a catalyst support
as in the first aspect, and contacting the support with an activator.

Preferably, in the second aspect the process further compﬁsee contacting the
support, before, simultaneously with or after contacting the support with the activator,
with at least one metal-organic compound.

“Thds™in '3 iiﬁira«'as:péa ¢ hé ‘present” fHvention™ providést i polytierisatisi

IRABY

éé’fafyél comprrsmg, 3)'a" catal{st support prepared accordmg 15 the {nventioiand b) at

least oné'mietil-otganis Compotitid. !

I pE AR the ‘ChtalySe: fiEther Comprises A activatbt Phdre- "preférably ah
Aty HIinilin detivator. " Preferted® attivators Minolude alkyl aluminium (e.g.
triisobutyl alifiniuth, triethyl dlbmihium) and/or tiethylaliminoxate (MAOY s
FPPOVPRFABIY] e inétal-orghinie * Compéiind dotriprised™ @ “transitiotr imetal
SompouQd, mbte preferably a titanitih! ‘zirconium, hafnium, iron, nickel and/or cobalt
comboﬁll’d o | |

A In‘a preferred embodlment the catalyst is stitable foi ethene dnd’ alpha oleﬁn

homo polymerlsanon or ’c olymensanon for example ' ethene/hexene -co-

polymensatlon :
Thué e fourth aspect there is" prov1ded an oleﬁn polymensatlon Process

usmg the catalyst of the’ thlrd aspect

A i g e g N
SR “-f(.?fl b

lt fis Algo po§51ble that 4 prepolymenz‘ed catalyst compnsmg the“catalyst
support‘accordmg to clalm 1 and, polymenzed onto the catalyst sohd hnear Cz Cm 1-
alkenes wherem the’ catalyst sohd and the alkenes polymenzed onto it'are presentf i é
iAss Fhtio of from 1:0.1° to I’ 200 may be used. o

Fuﬁhér advantages and features of the subJect “matter of the present invention
can lJe taken froth thé followmg detaxled descnptmn takmg in conjunctlon with' the

dfawing g, in'Which: *
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Figure 1: X-ray diffractogram of:
a) (EBI)ZrCl, supported on MAO-modified

Mg 75Al025(OH)2(CO3)0.125°1.36H,0°0.17(Acetone) (catalyst-supported LDH/MAO);,

b) MAO-modified Mgo 75Al0.25(OH)2(CO3)0 125°1.36H,0¢0.17(Acetone)

(LDH/MAO);

¢) thermally treated MAO-modified

Mg0‘75A].0.25(OH)2(CO3)Q]25' 1 36H20'0 1 7(AC€'COH€)~(LDH/MAO), and

d) Mg0.75A10‘25(OH)2(C03)0,125~ 1.3 6H20'0. 1 7(Acet0ne) (AMO-LDH).
Figure 2: X-fay diffractogram of: a) thermally treated

Zno ¢7AlG 33(®H)2(C03)0 155°0: 51(H20) 0 07(acetone) being exposed to air,

b) thermally treated an 57AIO 33(OH)Z(CO3)O 125°0.5° l(HzO) 0 O7(acet0ne)

LDH, and
o 'C) ZHAI CO3 Zno 67AIO 33(OH)2(CO3)0 125'0 Sl(HzO) 0. 07(acetone) LDH.

Flgm‘e'S.'Infrared spectta of LDHs:

) Caly'gAlg 33(OH)>(NOR)g 125+0.52(H;0)+0:1 6(acetorie) LDH;

b) M5 75Alo 25(OH)3(NO3)o 25038 (H;0)+0. 12(acetone) LDH,
&) Mg 75 Aly 35(OH)A(C1) 250 48(H0):0.04(acetonie) LDH,

“d) Mgy, 75A"10‘¢;5(0H)5(‘c03)5';2‘5‘-1 36H,0+0:17(dcetone) LDH, "

e) Mgo 75Gao 25(OH)7(C03)0 i25°0. 59(H20) 0. 12(acetone) LDH and

) Mgo 25Al, 7S(OI—I)Z(SOL,)O 125°0. SS(HzO) °0. 13(acet0ne) LDH.

.Flgure 4 Infrared spectra of [(EBI)ZrCig] supported on* LDH/MAO with

various AMO LDHs components

LDH,

a) Ca() 57Alo 33(OH)2(NO3)0 125'0 52(H20) 0. 16(306'[0116) LDH
b) Mg() 75Alo 25(OH)2(N03)0 25'0 38(H20) 0. 12(acetone) LDH
c) Mgo 25Al, 25(OH)2(C1)0 25°0.48(H,0)e 0: 04(acetone) LDH

d) Mgy 75Al0.35(0H)(CO3)o 1240 1.36Ha 00, 17(acetorie) LDH,

©) Mgo 75G30 25(OH)(CO3)0 125°00. 59(H,0)+0. 12‘(a'cet‘on'e) LDH, aid
Mg 5Aln 25(0H)2(SO4)0 125°0. 55(H20) 0 13(acetone) LDH:
Flgure 5 SEM i image: . ,

- a) Mgo 75Ga0 25(OH)2(CO3)0 125’0 59(H70) 0. lZ(acetone) LDH

b) thermally treated Mgo 75Gag’ 25(OH)2(C03)0 125°0. 59(H20) 0.12(acetone)
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c)Mgo 75Gag 25(OH)2(CO3)0.125°0.59(H,0)+0.12(acetone) LDH/MAO support, .

d)[(EBI)ZrCl,] supported
Mgo.75G0.25(0H)2(CO3)0.125°0.59(H,0)+0.12(acetone) LDH/MAO catalyst.

Figure 6: Molecular weight distribution of polyethylene using [(EBI)ZrCl,]
supported on MAO-modified Cagg7Alp33(OH)2(NO3)0.125°0.52(H,0)°0.16(acetone)
(calalyst-LDH/MAO) under the condition of 10 mg of catalyst, 1 bar of ethylene,
2000 equiv MAO: 1 equiv (EBI)ZrCl,, 15 min at temperature of: a) 60°C and b) 80°C.

Figur’e 7. SEM image of polyethylene using (EBI)ZrCl, supported MAO-
modified " Cag et Al 35(OHIHING: ) 15590, 530,040, 16 (icetotie) - EDH/MAOH atkiyst
under thelcon‘dltr(m of "1“0' ‘mg o‘f catalyst 1 bar of ethylene 2000 AI' 1 Zr, 60°C, 15

Flgui'e 3 Tﬁermograwmetnc analy‘siS“‘cui‘veS‘of p’ol‘yethyl'eﬁe~obtai‘\x‘~1!e~"dgﬁ/"3h§
(EBIZ{EL, Stppdited LDH/MAG catalyst W1th a vanety of LDH Cotn ohéh“t‘s“‘-‘(m‘ 0
600°C at 16°°C/hin-heatify greite) ¢ - . SR

(4) Cag Al (O, NO s 120.52(HyO)d0! 16 acktone) THH), ¢

(b) Mo, 55Ty ZSCOH)z(Nog)o H:430: 38(H20) 0. 1‘2(acet€>ne) LDHHE

(c) Mg 75Atg 25(OH)2(CI)0 25°0. 48(H20) 0" 04(acetoﬁe)‘LDH TH M

(dy b OZS(OH»(sooo 155:0155(H30)+015(acéfond) LDH;

e Mo’ 75A10 {Omfcondisi 36H20-0 17(Ac8fo%e) LB

(f)*Mgo 75A10 25(OH)2(B O ,25-0 53(1—120).0 21(acet6n%) LDH“‘ ko

(g) Mg»(;%‘gGao 25(OH)2(C03)E) ';2;~0 59(H20)'0 ‘Iz(égefone) LLDH” nder the
condmon of fO mg 6f catalyst G- bar of ethylene 2000 Al(MAO) 1 equw (EBI)ZrClg,
60°C 15 mm 25 Lot idkane!

' Flgure 9; Thermograwmesmc analy51s (TGA) Hirver of ponethylene (a) and
(b) and\ pbi§(éthylene co—hexene) (c) aild (c) usmg (EBI)ZrClz supported on MAO-
modlﬁed Mgo 75A10 25(OH)2(§O4)@ l25-0 SS(f{zOB 0 13(aCetone) LDH/MAO catalyst
with dlfferent’}l’-hexene content} (a) ) M (b) 0:05 M (c) 0 10 M ‘and (d) 0. 20 M
under the condmon of 10° mg of catalyst it bar ' th(yleme’r 3600 ﬁMAO 1 equlv

(EBI)ZrClz, 0°c T4 it "2 5141 OF hexdhe”
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"The invention is further illustrated by the following Examples.

Examples

1. Synthesis of LDHs

For a number of sample LDHs the results for surface area, and pore volume

and deaggregation factor are given in Table 1 below. In column 1 defining the LDH,

the last digits after the anion are the pH of the synthesis solution. For example, in line

1 of Tabl&'1; MgsAL:CO5-10 means that the synfhesis solution'had a pH = 10.

The BET surface area (N») of a number of samples of LDH is shown in Table

1 togethet with the de-aggregation factor of the products of inventive process. The

apparent density of the samples is shown in Table 1a.

Table 1. The Surficé Propétties of AMO-LDHS and C-LDHs'

" Klirkade Atea (mz/g)

- Pore Volumé (cc/g) |

10

0.56(H;0)+0.07(

agetone) ,

S TAMOT T T Deageres T AMOSTT — o T= |- Formula'of -} || Fofmula of C-
LDH! AMO= c. Deaggrég | AMO c. o ‘
vOJPEDH- Lo soooations | LDHe | g f g oo | AMOLDHERA A o LDH
. ‘LDH" |7 : ) | LDH® | Change T I T
<~A:. .. . Factqy . A . N . . R o N
“ MgosAlo2s(OH | MgosAlg25(OH
Mg AL e e BN ) CcO <1.36 CO .
\. g 77 5. | 64 0.63 o1l 47 2(CO3)0.125 )2(’ 300,125
~CO;3-10 - R H,0+0.17(Aceto | 1.67H,0
he) . - - .
. Mgo 67Alg.33(OH ngomAlo.ﬁs(OH
Mg,Al- ' COxorzs* | )(COs)p 1as°
MeAl | oo laase | oax |1 | og. | ogp | HCOkm P R(COes -
B 6(acetone) ..+ |
) 2 _MgmsAléjzs(OH Mg 15Al625(OH
Mg:Al- I o ) Sl (€0 gst COMoros®
R s | 4 | ixb | odos | 013 | 2z | AEOo (COJust
COst2- | il e S © | L76H;0°045(. | 2.83H,0
Acetone) . . | . ...
T a MgozsAloaasEgo, | MgoasAlo.asFeo.
Mg;Alg sF ) ‘ EZS(OH)Z(CO:i)OJ lzs(OH):!(COz)OJ
eos-NOg- | 1285 |7 91 - | <14 - |- Ll | 068 | 62 | g e

250 74(H,0), -
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Zng67Alo33(OH) | ZngrAly, 33(OH)
) 2(B4Os(OH))g 2(B4O5(OH)4)o.
ZnAlL 0.081 (. 405(OH)a)o12 | 2(BsOs(OH)4)o 1
: 301 13 23 2.15 2534 | 5 5°0.66(H,0)
Borate-8.3 6 -
: 0.35(H,0)-0.11(
acetone)
Mgo75Alp2s(OH | Mgg zsAl2s(OH
Mg;Al- 0.000 14732 | ):(B4Os(OH 2(B4Os(OH)y)o.
83 263 i 263 0516 )(‘4 s(OH)a)o.1 | )2(BsOs(OH))o.s
Borate-9 35 9 25°0.53(H,0)°0. | 25° 0.59(H,0)
2] (acetone)
Mgg7sAlp2s(OH | MggsAly,5(OH
“MgAl- | - SRRt b (80005005 | )a(SOo135.0.6(
& 101 14 72 0305 | 0012 | 2aap | PO JAS D)o 25 06
SO-10 5(HzO)'0 13(80 H0) |
IRLE s . etone) '.‘:
S Mgo7sAlp2s(OH | Mgo7sAlg2s(OH
Mg;Al- 0.006 2(NO3)o 250 (N5 ) 5°
& 169 | 15 112 0.639 osg1 | 2NQaoas JNOs)oas
: ' +. | acetone) . TN
TG ) . - Mgo.75Alo.2s(OH
Mg;Al 0.003 CDoas® .
& 64 l 64 0319 10190 | 2XPoast,
- Cl-10 S o Tlov | | oasenor00a QiQI(H,ZQ) -
acetone) SO Gk
L T [ Zngsly zs(OH) Zno 75A1025(OH) |
ZnAl- ‘. O +0.32 NO )
o 61, I 61 037 | 0.016 | 2212 A(NO250.32( | N0z
NOs-8.3 e T o c | | Ha0)0:1(aceton 9:61'(H«20);p};"“
g W :‘e)::‘\il ' ) . \
o AMO-| | ’Deaggreg | AMO- , i P S
o ‘ C- C- % | Formulaof* '+ | Forhuld 6f C-
LDH LDH- | | ation | LDH- ,
. LDH . LDH: | Change AMO LDH—M LDH
M} A Factor ML e T T - s .
,~\':,_ Mgo 75Alp 25(OH Mgo 75Alo 25(0H
M SAL- - S I I IR B (') co
% 157 | 43 3.65 0oa | oar | 7ss | 2 ez RGO, o
CO;-12 044(I;I‘0) 0.1 ]( ] 0.l25°1.67HZO
: - : 'methégoi) ¥ -

AAEA Y ECRINA

BESTI Y

AMO LDH—S (AMO = aqueous mochﬁed orgamc S = solvent) is'an LDH'of. -

‘formula

35,

v, _AM’Y‘;(OH)z] (X”‘)a/,,szo-c(AMO solvent)

L.

3
<

(1):,

Tt t):"‘y'

Ceby

WheremMandM’ aremetalcatlons z—lorz y= 3or4 0<x<1 b= O 10,¢c=0- "

\10 preferably 0<c<10 X is an anion, n is the charge of the amon,

z(l—x)+xy~2 AMO-solvent (A= Acetone M Methanol)

:‘;

Sk

¢ -

1slt03anda—".'

.(\\5}
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2C.LDH is an LDH of formula
M ~XM’y+x(OH)2]"J’(X"“)a/,~bHZO

wherein M and M” are metal cations, z= 1 or 2; y=3o0r4,0<x<1,b=0-10,Xisan

12

)

anion, n is the charge on the anion, r1s 1 to 3 and a = z(1-x)+xy-2.

*Deaggregation Factor is defined as the ratio of the BET surface area of acetone

washed sample to the water washed sample.

Table ia”

i Apparent densxty? o 1

el (g/ml) Denmy T ted e el Ll e
LDHs Decrease Formula of AMO-LDH-A Formula of C- LDH
sve o Gro ) AMOE T & B RIS

LDHZ | LDH-A! % | “
Mgl | 091 | 012 868 | MigossAlozs(OH)(NO3)ozs | MeossAlogs(OH)2(NOS)
N03~10}1M o 038010)e | omed 57(H:0)
B o 0.12(acetone)

Mg:AL- | 0.99 0.13 86.8 | Mgo7sAlo2s(OH)2(SO4)o125 | MgossAlozs(OH)2(S0)o
sogto |n | «0.55(H20) 12500.6(H20)

. oo o  613acetond)
MgsAl-"| 1.03 1) vat0:24 767 Mgo7sAloas(OH)g(Cluase . | MgorsAlozs(OH)e(Coz
ado [ T 0.48(,0)0.04(acetone) | 500.61(1,0)
InsAl | d2& | 03 750 | ZiorsAlozs(OM)2(NOsJazs | Zno7sAlozs(OH)2(NO3)o
NOs- - ' e o 50§32'(HzO)’-*(’)._:l’(alteftdﬁe) o 2500.61(H20) ¢
83 ' AT
Mg:Al- | 101 014 86.1 | MgoseAl ozs(OH)z{B405(O Mgo5Alo25(0H)2(B40s
Borate | I © W)a)oizse | (OH)4)o12500.59(Hz0)
9. 0.53(H20)#0.21(acetone) s
ZmAl- | 062.],. 0.10 839 | ZnosrAlo(OM):(Bi0s(0 Znos7Alo3(OH)2(B+0s(
Borate | v | o > H)4)0125'0 SS(HZO] “OH)4)o.125% 0.66(H20).
:8.3+ o “re(), li(acetone) R B
‘MgaAl- | 09 | 010 | 900 MgmsAlo:zs‘@QH')z(C03'}0,.12 Mgpshlozs(OH)Z(€03)o
C03-10 501.36H,0e- 1250 1.67H;0

0.17(Acetone)
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'AMO-LDH-S is an LDH of formula
[M’ﬂaM"”Z(OH)z]w(X"")a/r'szO'C(AMO-Solvent) | ey

wherein M and M’ are metal cations, z =1 or 2; y = 3 or 4, 0<x<I, b=0-10, c¢=0- IO '
preferably 0<c<10, X is an anion,n is the charge of the anion, »is 1 to 3 and a = z(l—

x)+txy—2. AMO-solvent (A = Acetone, M = Methanol)

2C-LDH is an LDH of formula
M 1 M> (OH), ) (X" ) as*bH,0 )
Wheiléin?'M"" aid M dre metal cationsz=1or2; y=3 or4,0<x< 1, b=0-10, Xis

ati‘aniof, n i the charge of the atiion; £is Vo 3 and a —~z(l—x)+xy—

Apparent Density-is the wéight per it volume of & EDH powder (aftéf tapping’
fﬁénuaﬁy'i’dr“ 2iin); ffii's‘"‘rnay‘i")e"ﬁiffer\errt_tr} the' Wwei ght per unit volume of individual

LDH particles.

Méthod' ’Aﬁﬁéﬁéﬁtaéﬁsﬁy miay-bé determined by the following procedure. The LDH
asa free-ﬂowmg pd@der‘rﬁas.’ﬁﬂ’e& fnto a2 ‘f disposable pipette-tip, and the solid
was packed a§ tlght as possrble by tappmg mamially for 2 thin. “The werght of the
prpe’cte tip was measured before and aﬁer the packmg to determme the mass of the

LDH. Then the apparent densrty ‘Of L DH was calculated nsrng the followmg eqUatron

RIS SR I T SR SRR

Apparent density = LDH weight (g)/LDH volume (2 ml)

In this regard it ha§'to be noted that the TDHs were prepared as descrrbed

below but for the results in' Tables 1 aiid 1a without the thermal treatment step
3 ¢ Synthésis of supported ‘catalyst -

2.1 Synthesis of Layered Double Hydroxide (AMO-LDH)
A mixture 68 M2 and VeI salt with MEEMY iclar ‘fatio of 3.0 was
drssolved in deromzed water, in which the concentration of M2 was 0.75 molL". An

aqueous solutron '6f an anion source was prepared wrth X" /M’3+ molar ratlo of2. 0 of
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which the pH was set at 10 by NaOH aqueous solution. The M**/M’** solution was
added dropwise into an anion solution at room temperature under a nitrogen flow
whilst maintaining the constant pH. After addition, the resulting slurry was vigorously
stirred at room temperature overnight. The obtained LDHs were first filtered and
washed with H,O until pH = 7. The still water-wet LDH slurry was then redispersed
in acetone. After stirring for about 1-2 h, the sample was filtered and washed with

acetone: [M*"1_.M>*" (OH),]* (X" )as*bH,0¢c(acetone) (AMO-LDH).

Table 3: Synthes1zed Layered Double Hydroxides (LDHS)

:‘.":z'\‘;'{"!' Sy Amon -7 AMO: | Chemical formu[a ST G UL
M source ] _
»hiles L Lo 'souxee s |, Seuree v JLDH -

o | e b oA | CagerAly o (OH),(NO3Yg 12520 S2(F,0)r0:16(acetone)
oy | RINGgE | Nakey e SBAN | Cana Aoz OHR(ND )50, 52 0)0u1 S(acgtone);

NO 10 o | '
I T MgAL | MasrrAl 2(OM)ANO )20 38(H0)°0 T3 (acetone)
MgNOp, | AINOY, | NaNo, | eAT | MearsHloa(OM:NOozs 0. 38(H0) Talacetone)
N o T N N .A.‘Nos-lo. R A B A TS B T ST R 260
T T MgALCE | MggrsAly25(OH)A(Clyo 250 48(H,0)+0.04(acetone
CoMgei T Foaltn | Nact : ‘gslo, Mgg 75Al025(OH)Cl)g 3520.48¢H, ( )

. ) Mg;Al- Mg 75Alg.25{(OH)2(SO4)p.125°0.55(H,0)+0.13(acetone
'(Mg(NOQz N 5A1(NO3)3 i Na:SO4 Sl ,Sogjlo" ; 80.75 025( )2( ) 4)0 125 > ( 2 ) ( ' . )
i I ] RN R R N g A

R B | MgAle | MggrsAles(OH)a(CO3) 125°0.55(H,0)+0. 13(acetone
Me(NOse | AINOS): NaxCOs 053 - 20.25A055(0H)(CO03)0,125 (H,0) ( )
L B BT TR A B LS ot AL

T [ [ T MgiGar | Mo sGag s OH)(COs)s 15:-0-59(H;0)-0. [2(acetone)
MeNOs), |- GaNOw, | Naco, | e | MeorsGroas QL0 OI0)D aceiong)
Mg(NOs): -0; COx10
S P T T ZmAL | ZnggrAls sy OB)2(C03)g 1252051 (H20)+0. 07 (acetone)
Zn(NO3), | AINO); Na,CO; cd . 1.67A10 33(0H)2(€03)0.12520:51(H20)+0.07%(acetone)

. ) [N . 3-8

2.1. 2 Thermal Treatment of LDH

Synthes12ed LDHs were thennally treated at 150 °C for 6 h under 1x10 mbar

- and then kept under nitro gen atmosphere

N

| 2.13 - Synthesis of MAO-Activated AMO-LDH (LDH/MAO support)

Thermally treated LDH . was weighed ™ “and - slumed ‘in . toluene. :

- Methylaiummoxane (MAO) W1th MAO:LDH weight ratio of 0.4 was prepared in

, toluene solution and added, to the calcined LDH slurry. The resulting slurry was
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heated at 80 °C for 2 h with occasional ’swirling. The product was then filtered,

washed with toluene, and dried under dynamic vacuum to afford LDH/MAO support.

2.14 Synthesis of (EBI)ZrCl; supported LDH/MAOQO catalyst

LDH/MAO support was weighed and slurried in toluene. The solution of
ethylenebis(1-indenyl)zirconium dichloride [(EBI)ZrCl;] in toluene with LDH/MAO
support: catalyst weight ratio of 0.01 was prepared and added to the LDH/MAO
slurry. The resulting slurry was heated at 80°C for 2 h with occasional swirling or
until the solutlon became colourless. The product - was then filtéred and dned unider
dynamic vacuum {0 afford zirconitim supported LDH/MAQ catalyst . '

It is also possible to mix both LDH/MAO and (EBI)ZrClz in the same flask

and add’ the toluene afterwards.

23" 'Polymerization of éthylené

""" 'Theé (EBI)ZrCl, supported LDH/MAO catalyst and MAO weré weighed with
the desired ratio 'éﬁd’ijut together in the Schlenk flask. Hexane was added to-the
mixturé. Ethylene gas was fed to start polymetization at targeted: temperature. After
the désiredltime the reaction’ was stopped by adding 'PrOH/toluene solution. The
polyrner was qulckly ﬁltered and’ Washed with toluene ‘as well as pentane. The

polymer was dned in‘vacuum ‘oven at 55°C and collected

2.3 Cépolymerization of ethylene and 1-hexene

Tl (EBI)ZrCl; supported LDH/MAD catalyst and MAO were weighed with
the desired ratio and put together in the schlenk flask. Hexkiie was added to the
mikture. Under a flow of ethylene gas, 1-hexene was immediately addéd to the
mixture 6 start copolymerization at targeted t'empe.rature.‘ After the desired time, the
reactionl was s’t‘op}ﬁe‘d' by adding "_iPrOH/toluene,solution. The polymer was quickly
filtered "and washéd with toluéné as  well as pentane: The polymer was dried in

vacuum oven at 55 °C and collected.
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3. Analytical Data -

3.1.0 ‘Charactérization methods _

X-ray diffraction (XRD) — XRD patterns were recorded on a PANalytical
X’Pert Pro instrument in reflection mode with Cu Ka radiation. The accelerating
voltage was set at 40 kV with 40 mA current (A = 1.542A°) at 0.01° s from 1° to 70°
with a slit size of 1/4 degree. T

Fourier Transform Infrared Spectroscopy (FT-IR) — FT-IR spectra were
recorded B a Bid-RA#FTS 6000 FTIR Spectrometer equipped with a DuraSamplIR
II diamond accessory in attenuated total reflectance (ATR) mode in the range of 400-
4000 e 4100 sAns AT TR ¥8%lution were collected. The strong absorption in the
range 25001667 cin ™" Wis Tom the DufaSatipHR T dfsmond Sutfacy!

i*lr‘%xié‘r‘r’iié’s’idii‘Elécfrifn*l\lli’ér’c»’s‘éd’;}y"('"fEM') ""TEM'aﬁé{lysis ‘Waé‘f»‘é’ffé&fféd

\41 T

HYEOE 2100 mlcroscope Uivith Hir acceleratmg voltage bF 400 kV Samples Ywere
di'spe'fs’e'd‘ iti“ethanol“with sonication and then cast onto copper TEM grids coated with
lacey carbOn ﬁlm

Scanmng Electron Midroscopy "(SEM) *and " Efletgy ' dishérsive Xiray
Spectmmetry (EDS)”' SEM and SEM:EDS analyses were perfornled on- ' TEOL
JSM 6100 scanmng mlcroscope w1th‘ an aceeleratmg voltage of 20° kV Powder
samples were spread on' carbon tape adhered t8'an SEM stage Beforé: observatlon the
samples were sputter CDated W1th B thm Platmum‘ layer to' prev’ent chargmg and to
zmprove the't Image quahty
O BET spec1ﬁc SuEfade areas = BET spemﬁc Strface's areas werd nileasured from
he- Ny adsorptxon and desor;;tlon 1sotherms at 77 K collected from al Quantachrome
Autosorb 6B *sutfabe hted and‘pdre"sxze analyzer Before eaeh‘ measurement LDH
samples ‘\“N{ére ﬁrst degassed overmght at llO °c ‘. ‘
M Thermal gravnmetr1c“analys1s (TGA)‘ x“The thermal stabxhty of LDHS vaas
studiéa by TGA(N etzsch) analy51s Wthh was carned out w1th d heatlffg“fafe 5¢ 10 °C
iinand* an alf flow raté 6F'50 L | min~ from' 25‘%0 700°C’

TR

¥ The apparent den31ty was detérmined using the followmg procedure lTlie

LDH as’a free—ﬂowmg powder w*as ﬁlled mto a2 il dlsposable pzpette t1p, ‘and ‘thé
solid was- packed as' tlght as possﬂ)le by tappmg manuall ‘fori2 thitiutes. The" We1ght
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of the plpette tip was measured before and after the packing to determine the mass of
the LDH." Then the apparent”density of LDH was calculated usmg the followmg
equationi .

Apparent density = LDH weight (g)/LDH volume (2 ml).

3.1.1 X-ray powder diffraction

X-ray powder diffraction pattern for thermally treated LDH revealed lower
basal spacing of samples after beino calcined at 150 °C for 6 h (Table 3) due to the
1958 0f ' Suttaddiniterlayer “Sotvent ad  Water” whmh Wad ieonsiStent with ! tHe TGA
resule Divaltnt ahion intérealatéd LDHs ‘showed greater 14yer ”c'”c')'fﬁ'rac‘t'ioﬁ“‘('I”.'3 A

iﬁéﬁ{fﬁbﬁhovalem anion intercalated LDHs (0 5 A) One possibility was higher density

......

LY Nergymectes Gitfras étmosphere (Figure 1), except

Zig 67 AL THOH);(COs)E 542051 (HEO)+0.07 (aceforie) LDH Which 'deddinposed after
thigfal tréftiment (Figitre )" ‘

Tablé 3! Sumimarizéd'd-spacits of é;ﬁatﬁes'isea AMOLDHS

S R T 4 T B ’,.‘/‘. T l"

‘d-spacmgs (A)*5 Ty

v s 5 I:xm At “.f’ Affer 1 ponnaciiom
LDHs Before
S v e et re oy edecthermaln e s
‘thermal leference
) treatment at -
{tréatmenit axeept
o . 150 °C .
FECSEPNIE B8l SRR LY TELICEL VEVCRT IR FOY-IE ENTEE.
Cag 67A10 33(0H)2(NO3)0 125‘0 52(H20)'O 16(acet0ne) o 8.6 ) 1 8 l . . 0. 5
‘Mgo %sAlozs(o'h);(Nogo gt 38(H20)-0 12(acetone) © 85 50 | o5
Mg 25l 25(0H)5(Cl)g 25+0.48 (H,0)+0.04(acetone) g8 T8 o
"Mgg 75A10 25(0H)2(SO4)0 ‘12520, SS(Hzo) 0. )1 3(acet0ne) "‘ LT "85:1_)& 1s 72 ' 1.3
. Mgo>75Alg‘25(®H)2(C03)ov|25'0.55(H20)30».13(aC€tOnS) B 78 o ‘C' o 1—3,56;32.;’( ’ﬁ- f, 13
- Mgjg.75Gag25(OH),(CO3)0.125°0.59(H;0)+0.12(acetone) | 787 . 85 3

FRSSEE . [RTSTO
- . '

3.1 2 Thermogravnmetnc analysxs )
) The TGA results suggested that all. LDHs were thermally §table (crystalhne)
up to 180 C Cao (,7A10 33(OH)2(NO3)6 ,25-0 52(H20) 0. 16(acetone) LDH showed

EY --.‘i '{?'1M‘ : BRI NN £y

‘ multlple steps welght 1osses which corresponded to surface acetone surface/mterlayer
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water elimination, dehydroxylation, and anion removal. Isothermal heating at 150°C,
resulted in multiple-step weight loss events starting at approximately at 80°C which .

was attributed to the loss of surface/interlayer solvent and water for all LDHs.

3.1.3 Infrared spectroscopy

IR spectroscopic studies of all LDHs indicated two major characteristic peaks:
i) broad band with maximum at 3,400-3,680 cm™" related to —OH stretching of layer
double hydroxide as well as interlayer water and ii) strong peak at approximately
1,350 cm i elated 4o stretchmg ‘tHodé bf NO;* atid' GO, ion' (SO4‘ '5%’11;1:60‘ i ix)
(Figuré 3‘). ‘
v RIS of all ‘CatalystE eRtibited” thitee ioticeablé cliatacteristic” peaks of
methylaluminoxane (MAO) at 3,090, 3,020, and 2,950 cm”' and the diminishing of —
OM-bendifig péak of ihteflayer water at 1,650 em™. Also, the results confirmed the
remainihg o hydiox Y1 grotip and anions in'the'layerstrutture of catalysts (Figure 4).
3 1 4t Scahnmg electron nucroScope ’ e

5 SEM 1mage revealed broad size dlstrrbutlon of Synthes1zed LDHs owmg to an’
hggregatxon excludmg Mgo 75A10 25(OH)2(SO4)0 125'0 55(H20) O la(acetone) and o

TH s

Cag, 67A10 33(OH)2(N 03)0 155°0" 52(H20) 0l 6(acetone)

Mg’d 125G (OH);(C'O‘;)0 (340.59(H50)+0: l2(acetone) | DH showéd: thekhxghest

partrcle ere up 18 =d00" {im; followed by
Méo Alo 25(0H)2(C1)o 25’0 48(H20) 0. O4(acetone) (~200 ‘}.‘L’n’l)
Mgo 75A10 25(OH)2(NO3)0 25°0. 38(H20) Q. l2(acetone) (~50 um)

Mgo 75Alo 25(OH)2(C03)0 125'0 SS(HzO) 0. 13(acetone) (~10 um)

Cao 57A10 33(OH)2(NO3)0 125’0 52(H20) O 16(acetone) (~5 um)' ‘an }d

Mg(\)g;[:\}o (OH)z(SO4)0 125‘0 SS(Hzo) O 13(acetone) (~1 p.m) FGSpeCtIVGIY’ it

However ithitnal treatment at 150 °c for &h 1mproved pamcle size drspermty
In addltlon the feactu)n thh MAO and‘(EBI)ZrClz complex gid ' not alter the

o

morphology of thermally treated LDH (anure 5)
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3.2  Polymerization of ethylene

3.2.1 Conditional study using - (EBI)ZrCl, supported MAOQO-modified

Cag.¢7Alp 33(0OH)2(NO1)p.125°0.52(H,0)0.16(acetone) (LDH/MAO
catalyst) ‘

Various conditions of ethylene polymerization studied shown in Table 4. The
optimal temperature appeared to be 60 °C. Increasing temperature from this point did
not significantly change the catalytic activity but the molecular weight distribution
became Bimddal (Figure 6). The ¢atalyst maintained the average activity regardless of
time and catalyst content. Nevertheless, increasing the content of methylaluminoxane

(MAO)up t6'4000° Al:Zt tislar fatio-enhanced the polymeétization:

Table*4: Polymerization of ethylene using (EBI)ZrCl, supported MAO-modified
Cag67Aly 33 OH),(NO3)q 135°0.53(H;0)+0. 16(acetonie) (EDH/MAO catalyst) ihider the

condition of T bat of ethylene, and 25 ml of Hexane.

T ";,:ii'~~ [N N (S TR P I N DS N ".2",‘- A“L’z';x".-
- : [Ally/ | . . Activity
~Catalyst {1, Co-3.l.; .| T. Time | . . .-

P SR AT TR JERTENE: (P

M M,

Ve e
R

,.(mg) . | catalyst |. . | (°C) .| (min) | Kgee/Zz/ | Kgeg/molz/ |
e Ce . h/bar » ,hlpar. N

10 |MAO | 2000 |80 |15 |416 | L7a1 . |386 | 210032
10 IMA0  |2000 |75 |15 | 527 2204|334 | 202,566
oeh 4 |'MAO - {20000 {760 015 |53 72235t | 3.08 ¢ L1195 404
10, v, L MAO . i[-2000 4307 L[ 15 1| 164 . | 6863 ¢ [ 14.80 L [:390,976.."

. | MAO | [2000:160 . .5, |485. |203L . |330 |220642.

10 - |MAO - /2,000 |60 .- |15 {534 - [2235 | 3.08 .| 195404 -
10 . MAO 2,000 |60 |30 433 1,812 311 | 194,766

10 |MAO | 2000 |60, |15 |534  [2235, - |3.08 | 195404

200 |MAO 2000 |60 [15 |54 2151, |308 | 195404
40 |MAO | 2000 | 60 7 583 o |2439 |35 | 334817

[0 |MAD |La0 |60 |15 [502 |2lol  [386 |3023%
10 |MAO  |2,000 |60 - |15 534 2235 . (308 |.195404
10 |MAQ . 4000 |60 |15 866 364|303 | 22048

T [ MA0 2000 (60 |15 |53 2255 308 193404
10 |TIBA 2000 |60 |15 | 499 2,089 344 | 81,650,

10 TEA 2000 |60 |15 265 [Ll10 443 [ 101754
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As a cocatalyst, triisobutylaluminium (TIBA) improved the morphology of the
polymer but not the catalytic performance compared to MAO (Figure 7). Unlike
TIBA, triethylaluminium (TEA) lessened the catalytic activity by half. The polymeric
structure of MAO may be the cause of poor polymer morphology resulting in
aggregation. Both TIBA and TEA cocatalysts generated lower molecular weight
polyethylene with broader polydispersity index than MAO. MAO is preferred.

Increasing the ethylene pressure doubled the polymer yield with constant rate

of polymerization (Table 5).

Table 5: Polyinierization of ethylerie tsing [(EB)ZtCls] supported:MAO modified
Mg) 7:G a0 25(OH)a(CO3Yo,125°0.59(H>0Y0.12(acétone) (LDH/MAOY) ¢atalyst under thie
condition of 10 g of catalyst, 2000 equiv MAO: 1 (EBDZrCl, 60 °C, 15 min;

hexane {25'ml) withvaried éthylene pressure. -

| | 4 Act1v1ty
 Catalyst | Febwlene | Polyethylene | .
- R (bar) yield (g) (kgw:/gzr (kng/moer/
' | h/bar) h/bar)

(EBI)ZrCL supported on, MAO |t 0216 | 8.65 3,621
modlﬁed N . e T L e
Mgo 75Ga0 25(®H)2(CO3)0125'0 59( 2 0448 896 13,750
H’;O)‘O 12(acetone): R T I - o

3.2.2 (EBI)ZrClz supported LDH/MAO catalyst study

To compare between dwalent cations m the layer, structure of the catalyst

support, Ca®* exhibited higher act1v1ty than Mg . On the contrary, no differences was

- observed. for trivalent cations; A’ and Ga* (Table 5).

As the component in (EBI)ZrCl, supported cateﬂysis, a Vaﬁety of anions

. intercalated in'MgAl LDHs were studied in ethylene polymerization. Considering the

results, divalent anion seemed to be greater active catalyst than monovalent anion.

This might (without wishing to be bound) be attributable to crowded monovalent

anion between layers leading to less space for monomers to coordinate active sites.
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Table 6: Polymerization of ethylene using (EB)ZrCl, supported on MAO-modified

AMO-LDHs

MAOQ: 1 equiv (EBD)ZrCl, , 60°C, 15 min, 25 ml of hexane

(LDH/MAO) catalysts: 10 mg of catalyst, 1 bar of ethylene, 2000

Activity
Catalyst rerTeT | kgmon Polymer | Polymer
. M, /M, Mw
h/bar h/bar
[(EBD)ZrCl,] supported on MAO-modified
Cag ;AL 33(OH)(NO3)0135°0:52(H30)20.16:1 |.5.34° - 7+ (12,235 i ] 3:108. 57 | 195,404
(acetone) ) 1 |
[(EBDZrCl,] supported-on MAO-modified . 7 oh i) (o
MgwsAlo,gs(.OH)z(NOg)o,zf,' 249 1,040 3.29 221,647

0:38(H50)°0:12(acetone) --

[(EBDZrCl,] supp_ort}ed on MAO-modified |- - . i | st et
Lol »311“. : toe LN ‘B 65 ' . .
Mgp.75Alo 25(OH)2(Cl)g 25 2, 826 244:467
»0 48(H20) O O4(acetone) -
RN

[(EBI)ZrClz] supported on MAO-modlﬁed
Mgo 75A10 75(OH)2(SO4)0 17%‘0 55(H20)’0 13

: .(acetone)

149 | 6215 | 270,964

v

[(EBI)ZrClz] supported on MAO-modlﬁed
Mgo 75A10 25(OH)2(C03)0 125‘1 36H,0°0.17(

acetone}

9.06 13,790 3.47 286,980

[(EBI)ZrClzl supported on MAO-modlﬁed
Mgo 75A10 25(0H)7(B405(OH)4)0 125°0. 53(H2
: O) O 21(acetone) ‘

Yl Copn e Y oA

237 |990.1" " 3.47 240,361

[(EBI)ZrCIz] supported on MAO modzﬁed_ ‘
Mgo 75630 75(OH)2(C01)0 125'0 59(H20) 0.1

2(acet0ne)

R4

8.65 3.621 339 | 275.826

(EBI)ZrC]z supported LDH/MAO catalysts dlsplayed polydlspers1ty index i in

the ‘range . of .~ 3.08 | . to 347 Among - the Qatalysts,
: Mgo 7;AIQ 25(OH)(CO3)o: 125.1 76H20-0 45(Acetone), . . |
' Mg_o,,7SGaQ12\5(oH)z(CQ3)O,125-0.59(1{20) 0.12(acetone) and:
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Mg.75Al025(0OH)2(S04)0.125°0.55(H,0)<0.13(acetone) LDH/MAO éupported catalyst
expressed high in both catalytic performance and molecular weight of the polymer
(270,964 = - 286,980), . whereas polyethylene obtained . from
Cag67Alp33(OH)2(NO3)0.125°0.52(H,0)°0.16(acetone) LDH/MAO catalyst showéd, the
lowest molecular weight (195,404).

Polyethylene obtained from most of the catalysts started to degrade thermally
at approximately 300°C (Figure 8).
33 Copolymerization of ethylen¢ and 1-liexene * '
U i "additien of contoniomer 1Xhexéne, ifnproved thé rate-of ‘polymerization
(Table'7). At increasing I-hexene Soritent, copolyiner became mote translucent with
lower moleculdr weight. Polydispersity index was Towest at 1-hekene conceritration‘of
0.10 M. However,' the monorier content did not significantly affect the thermal

properties of the'polymer (Figure 9)." ~

Table 7: Copolymenzatlon of ethylene and 1-hexene usmg (EBDZ:Cl, supported on
MAO modlﬁed Mgo 75A10 wg(OH)z(SOA;)O 175'0 55(H20) 0. 13(acetone) (LDH/MAO)

,catalyst 10 mg of catalyst, ‘1bar‘of ethylene, 2000 Al(MAO) 1 eqmv (EBI)ZrClg, 60

°Ci'15 nifn, 25'ml of hexane

" ‘1-Hexene R
- , Activity ‘
‘e . .o .ot ¢ | ccontent o
Catalyst — M /M, My
: SR (kgpe/gzs | (kgee/molz,/
™) | (@

T TN T DI AR PAT /h/bgllj) '»,A,_h/bar) R ST BT )
[(EBI)ZL‘CIZ] supported on 0. 0 1491 6, 215 3 14. . 270,964 |
MAO-modlﬁed 0_05 011 | 217 | 9,074 L 345 | 205,992 |
Mgo75A1025(0H)2(SO4)0 125-0 55 e = — S e e |
(Hzo) 0.13(acetone) 0.10 | 0.21 29.2 12,211 . 2.09. | 91,944 |
(LDH/MAO) 0.20 | 042 384 . 16,081 |° 220 - | 87,075

23'.4, Other transmon metal compeunds

N

The catalyst support prepared accordmg to ‘the. présent invention may be

equally utilized ‘to support other transition: metal compounds known for. the
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polymerization of ethylene and other alpha-olefins. Within the art, transition metal
compound catalysts belonging to the families of metal mono indenyl and di(indenyl),
metal mono and di(cyclopentadienyl), metal ansa-bridged cyclobentadienyl and
indenyl, metal(constrained geometry), metal(phosphine-imido),
metal(permethylpentalene), metal(diimine) catalysts and the so called metal
bis(phenoxy-imine) (now known as FI) catalysts were tested. Selected examples are
collated Table 8.

Table 8. Polymérisation™of ethylene using differenit métal complex'supported on
MAO nodified Mgy 75A10 (O (COs)o.135¢1.76HL,00:45(Acetorie) (AMO-
LDH/MAO cataiysts)

'Polyethylene *
Mifal dompléx. T eC) |  Productivity " | M/M, ' | My
: kgpr/gcar/h

[(EB)Z:CL] 60 0.121 4.08 194,134
¢ Me”hSBI)ZrClz] [ 60 | 0200 393 | 437,490
[(CPnBu)zerIz] e | 0211|340 i744,5‘33\
[(Cp‘B“)Zchb] T 60 | o004 (477  |679.829
_[(26MCPI‘DI)NlBr2] | 60 | 0003 557 B “694096 ,
[(cpMe4)Me2slN(fBu)Tlclz] 60 | 0025 426 | 1,032,406
[(CPMTICEMe(N {PBu}:] —%0 | 0305 a5l 269,665
.[(MCSPDI)FeCIZ] - 60 ‘_0."5’11?‘ 1351 368,083
[(“Me"*‘NDI)Pdee] T 60 | 0.002 | | ' —
[(AIFSFI)Zer] | 60 0128 _7,03 v4ﬁ48,oz:2

‘ EBI = C2H4(1ndenyl)2, ‘

2Med- "“SBI (Me)zsl{(Z -Me,4- Ph—mdenyl)}

. ,Cp“B“ = C5H4(nBu)

{_2““ ”‘DI 26 (PhMe)2C6H3—N—C(Me) C(Me)-—N—2 6- (PhMe)2C6H3,

CpMe4 =C Me4H

‘ Cp CsMes,
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M“PDI 2,6-(1,3,5- Me-CGH3N= CMe)2C5H3N) Mo 7sAlo. 15(OH)(CO)

0. 125'1 76H,0°0. 43(Acet0ne), _
10 mg of catalyst, 2 bar, 1 hour, [TIBA]y/[M]o = 1000, Hexane (50 ml).

The chemical structures of the metal complexes used are given below:

| UEBIZICL] jawesersBYZICI] [(iCR),2eCly] | [(P4CRIHCI

Meﬂ
. Cl Me" Me
: Ti.,,”
./ e tB"xg&*N/ \ 7@
o 2 = Cl
) Bu l

‘t\'Bu . . ":' :Bp: "y . . .:W\
3ujTiCL;] [CPHTICL(NPBU,) ™

'Bu M= Tiand 2r

. [(2»6:'j4e-.'€hmos§5‘dcme] Lo [fz'G'WG‘PhDI)NiBrzl o [(AFSFT)MCIy]
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3.5 Variation of the LDHs

Table 9. Polymerieation of ethylene using AMO-LDH/MAO/[complex] catalyst
under the condition: 10 mg of catalyst, 2 bar, 1 hour, 60 °C, [TIBA]¢/[M]o = 1000,

Hexane (50 ml).
Polyethylene
AMO-LDH Complex Productivity
kgee/gcar’h
Mgg 75Alo25(OH)A(CO3) p.125° 1.76H,0+0.45(Acetone) [(M=PDI)FeCl,] | 0.511 |
| Meor5Aloa5(OH)A(S0:)0 12540:35 (H20):0: 13 (acetone) s PDDFeCL] . 0:562.
Mg 75l 35(OHD:(Cho2st0.48(H;0)-0.04¢agetone) .. |-[“"PDDECCL].. 10260,
| Mgoss 75A1025(0H)2(CO3)0 1250 1.76H,0°0.45(Acetone) | [(EBI*)ZrCly] - 0.081
Mg 75Aly, 25(0m2(804)0 12520.55(H,0)#0.13(acetone) | [(EBI*)ZrCly] 0.147
- Mgo5Alg2s(OH),(C1)g 25°0.48(H,0)+0.04(acetone) . | [(EBI*)ZrCly} - -0023”

(EBI*)ZrCly = ethylenebis(1-permethylindenyl)zirconium dichloride
BRCRISSIN I VS R
("?\’!‘ESPDI)FeClzz= {2,6-(1,3,5-Me-C6H3N=CMe)2C5H3N)FeCl>

I

As expected ‘when usmg the iron.: complexes all the results are, h1gher than: when the

21rcon1um complex was used Surpnsmgly, (EBI*)ZrClz supported on MAO modlﬁed

Mgo 75Alg. 25(OH)2(C1)0 25°0. 48(H7@) 004(acet0ne) was :much ' more - active than
(EBI*)ZYCb Ao Supported “on MAO " modlﬁed
Mgg75AT5 25(oH) (COWo 15 T6H;0500. 45(Acetone) - LDH" (0 093 and
0:081 kgpe/gear/h respectively), Table 9. .

3. 6 Companson of the AMO-LDHS versus conventlonal ‘and commercial LDHs.

1"

The .catalytic propertles of dlfferent MAO-modlﬁed .LDHs: were, studied;: the
aqueous miscible . orgamc (AMO LDHS) ‘conventional (synthesxsed by .know co-
Rpec;pltat;on methods) and a'commercial grade LDH. (PURAL MG 62, SASOL,

previously Condeg) were used. The results,are collated in Table 10
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Table 10 Polymerisation of ethylene using metal complexes supported .on different
types of LDH/MAO support under the conditions: 10 mg of catalyst, 2 bar, 1 hour,
60 °C, [TIBA]o/[complex]o = 1000, Hexane (50 ml).

Polyethylene

LDH/MAO Complex Productivity
kgpe/gcar/h
Mgy 75AT 3(OE)(CO )0 15+1.76H,0+0 45(Acctone) | [[EBDZiCL] | 0.122
| Mgo 75A1035(OH)2A(CO3)o 1252 1.67H0. - .. oo WIIEBDZIChL], - Q095 e
JPURALMG 62 oo wo o o on | HEBDZICE] v | NoGaialyst, |
Mg, 7«5A10~25(OH)2(C03)0 125-1 76H20-® 45(Acet0ne) [("™PDDFeCl,] | 0.511
PURAL MG 62 [("™PD)FeCL,] | 0.050
Vg0 75k 25(OM)(Cl 250 48(;0)-0.04(acetone) | [("PDDFeCL] | 0.260 .~
Mgyl s{OM:(Cl 270 61G5,0) [(PDOFeCE] | 0026 ...

PURAL MG 62 is a commercial grade LDH supphed by SASOL, (prevxously

Condea)
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3.7 Variation of the thermal treatment on AMO-LDH

Table 11: Variation in polymerisation of ethylene using complex-supported MAO-
modified Mg 75Al025(0OH)2(CO3)g.125°1.76H,0°0.45( Acetone). Before MAO-

modification the LDH was thermally treated at a range of different temperatures.

Thermal Treatment Temperature for Complex Polyethylene
Mg 7sAly 25(OH),(CO3)o 12601 76H,040.45(Ac Productivity
etone) before MAO modlﬁcatmn/(°C) kgpe/gcar/h
T T e e T S TR CL] | 0,001
3801, | [([EBDZICL} .. |:0,002:...
1100, - | [EBDZICL) .{.0049 |
1125, [IEBDZICL]. 1.0.121
150 | [EBDZICL] | 0122
190 [[EBDZCL)- - | 0.038
25 [(*“PDDFeCl) 00(.)6:::
50 [(“PDDFeCl,] | 0.006 B
. 100 | 1¢*=pDDFeCL] | 0. 208?’1
125 , [(M“PDI)FeCL] 0 374
| :l So [(MeSPDI)FeCL] o 51 1
| 190' ST e R " f [(MeSPDI)FeCIZ]“ 0386‘ E

Catalysw conditions: 10 mg of catalyst, 2 bar, 1 hour 60 °C [TIBA]O/[complex]o =
lOOO ‘Hexane (50 ml)

Table 1 shows when ‘ usmg | (EEI)’ZrCIQ supported MAO modlﬁed
Mgo 75A10 25(OH)2(CO3)0.125°1.76H,O¢0. 45(Acet0ne)[AMO LDH/MAO/[(EBI)Zer_],
thermal treatment in range of 125-150 °C prowded the hlghest productlvxtles most
preferably 150 °C. Using (MesPDI)FeCIZ , supported on ' MAO—modlﬁed
Mgo 73Alo zs(OH)z(Cog)o 125"1 76HZO-O 45(Acetone) also showed that 150 °C was: the

best thermal treatment temperature ‘

The features disclosed in the foregoing descnptlon in the clalms and in the
accompanymg drawmgs may both separately or m any combmatxon be matenal for

reahzmg the 1nvent10n m dlverse forms thereof
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CLAIMS

A process for preparing a catalyst support comprising a layered double hydrox-
ide (LDH), the process comprising,

a) providing a water-wet layered double hydroxide of formula:
[MZ1-,MY*x(OH)2]a*(X™)arebH20 (1)
wherein M and M’ are metal cations,z=10or2;y=3o0r4,xis0.1to 1,
preferably x<1, more preferably x =0.1 — 0.9, bis 0 to 10, X is an anion,
ris 1to 3, n is the charge on the anion and a is determined by x, y and
z, preferably a = z(1-x)+xy-2,

b) maintaining the layered double hydroxide water-wet,

C) contacting the water-wet layered double hydroxide with at least one sol-
vent, the solvent being miscible with water and preferably having a sol-
vent polarity (P’) in the range 3.8 to 9, and

d) thermally treating the material obtained in step c) to produce a catalyst
support.

The process as claimed in claim 1, wherein M is Mg, Zn, Fe, Ca or a mixture of

two or more thereof.

The process as claimed in any one of the preceding claims, wherein M’ is Al,
Ga, Fe or a mixture of Al and Fe.

The process as claimed in any one of the preceding claims, wherein z is 2 and
M is Ca, Mg, or Zn.
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The process as claimed in any one of the preceding claims wherein M’ is Al.

The process as claimed in any one of the preceding claims wherein M is Zn, Mg
and M’ is Al

The process as claimed in any one of the preceding claims, wherein X is se-
lected from halide, inorganic oxyanions, organic anions, surfactants, anionic

surfactants, anionic chromophores, and/or anionic UV absorbers.

The process as claimed in any one of the preceding claims, wherein the at least
one solvent is an organic solvent, preferably anhydrous, and preferably selected
from acetone, acetonitrile, dimethylformamide, dimethyl sulfoxide, dioxane, eth-
anol, methanol, n-propanol, 2-propanol, tetrahydrofuran or a mixture of two or

more thereof.

The process as claimed in any one of the preceding claims, wherein the thermal
treatment comprises heating at a temperature in the range 110°C to 400°C,
preferably for a predetermined time at a predetermined pressure, optionally un-

der a flow of an inert gas or under reduced pressure.

The process as claimed in claim 9, wherein the predetermined pressure is in
the range of 1 x 10" to 1 x 10 mbar.

A process for producing a solid catalyst, the process comprising providing a
catalyst support prepared by the process of any one of the preceding claims,
and contacting the support with an activator, wherein the catalyst support com-
prises specific surface area ranging from 250-650 m?/g.

The process as claimed in claim 11, further comprising contacting the support,
before, simultaneously with or after contacting the support with the activator,

with at least one metal-organic transition metal compound.

A polymerisation catalyst comprising,
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a)  a catalyst support prepared according to the process of claim 1, and

b) atleast one metal-organic compound.

wherein the catalyst support comprises specific surface area ranging from 250-650

m?/g.

14.  The catalyst as claimed in claim 13, further comprising an activator.

15.  The catalyst as claimed in claim 14, wherein the activator comprises an alkyl alu-

minium activator.

16.  The catalyst as claimed in any one of claims 13 to 15, wherein the metal-organic
compound comprises a transition metal compound, preferably a titanium, zirconium, haf-

nium, iron, nickel and/or cobalt compound.

17.  The catalyst as claimed in any one of claims 13 to 16, wherein the catalyst is an
olefin polymerisation catalyst.

18.  The catalyst as claimed in any one of claims 13 to 17, further comprising one or

more metal compounds of the formula (ll)

M (R)w(R)s(R%): I
where

M? is an alkali metal, an alkaline earth metal or a metal of group 13 of the
Periodic Table,

R' is hydrogen, Ci-Cio-alkyl, Ce-Cis-aryl, alkylaryl or arylalkyl each having
from 1 to 10 carbon atoms in the alkyl part and from 6 to 20 carbon atoms in the
aryl part,

R? and R’ are each independently selected from hydrogen, halogen, pseu-
dohalogen, C+-C1o-alkyl, Ce-C1s-aryl, alkylaryl, arylalkyl or alkoxy each having from
1 to 10 carbon atoms in the alkyl radical and from 6 to 20 carbon atoms in the aryl
radical,
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w is an integer from 1 to 3, and

s and t are integers from 0 to 2, with the sum w+s+t corresponding to the
valence of M.

19.  Use of an olefin polymerisation catalyst as claimed in any one of claims 13 to
18 in a polymerisation process, preferably an olefin polymerisation process.



